Objective: To demonstrate the recent trends of admission and surgical management for diverticulitis in the United States.
I
N RECENT YEARS, THE INCIDENCE, pattern, and treatment of diverticular disease has evolved. Despite improvements in colon and rectal surgery, treatment of diverticulitis remains challenging, particularly in acute diverticulitis with regard to surgical indication and operative technique (primary anastomosis vs diversion and laparoscopic vs open).
Historically, diverticular disease in patients younger than 50 years has been described as more virulent and with more serious complications. [1] [2] [3] [4] In some series, young people have more severe disease at first presentation 5 but less frequently have resection at that time. Regardless, the incidence of diverticular disease in the younger population is reportedly on the rise. [5] [6] [7] Nonoperative management will resolve acute diverticulitis in 85% of patients, but approximately one-third will have a recurrent attack, often within 1 year of diagnosis. 8 There is evidence demonstrating the increased use of percutaneous drainage in the management of Hinchey class I and II disease, 9, 10 but for patients undergoing surgery, most Hinchey class I and class II disease can be managed with a 1-stage procedure (resection and anastomosis) if the patient is stable, the extent of contamination is limited, and adequate bowel preparation is possible. 11, 12 Most Hinchey class III and IV disease will require a 2-stage approach but primary laparoscopic lavage may be a promising alternative to more radical surgery in select patients. 13, 14 Also, recent evidence suggests a possible role for resection with primary anastomosis and proximal diversion in highly selected cases without gross fecal contamination. 15, 16 In recent years, the historical indications for elective surgical resection of recurrent uncomplicated diverticulitis have been challenged. 17, 18 Unlike recurrent, unSee Invited Critique at end of article complicated diverticulitis, management of complicated diverticulitis is more clear cut and surgical resection of the diseased sigmoid is generally recommended. 19 In a recent systematic review, the morbidity and mortality of primary anastomosis was found to be similar to that of a Hartmann procedure for patients with even the most severe acute disease, 19, 20 although selection bias prevalent in the studies evaluated prevents firm conclusions.
The role of laparoscopy in the management of diverticular disease is evolving. Recent data suggest decreased overall costs are associated with laparoscopic resections when comparedwithopenresections. 21, 22 Furthermore,recurrence rates match those for open procedures, 23, 24 while length of stay (LOS) and complications are decreased. 19, 21 The purpose of this study was to examine recent trends in (1) changing incidence and patterns of diverticulitis based on age, sex, and race, (2) changes in treatment pattern of acute diverticulitis (medical or surgical), (3) changes in type of operative intervention (elective vs urgent, open vs laparoscopic, and primary anastomosis vs without primary anastomosis), and (4) improvements in outcomes (LOS and mortality) as management of diverticulitis evolves.
METHODS
Using the Nationwide Inpatient Sample (NIS) database from 2002 until 2007, we retrospectively analyzed the trends in management of diverticulitis. The NIS is the largest inpatient care database in the United States, in which approximately 1000 hospitals participate, and contains information from nearly 8 million hospital stays each year across the country. The NIS is a nationally representative sample of approximately 20% of US community hospitals, resulting in a sampling frame that comprises approximately 90% of all hospital discharges in the United States. Data elements within the NIS are drawn from hospital discharge abstracts that allow determination of all procedures performed during a given hospital admission. It also contains discharge information on inpatient hospital stay, including patient characteristics, LOS, overall and specific postoperative morbidity, and observed and expected in-hospital mortality. The NIS database has no information available on complications occurring after discharge. Approval for use of the NIS patientlevel data in this study was obtained from the institutional review board of the University of California, Irvine Medical Center and the NIS.
To identify hospitalizations resulting from diverticulitis, all discharges with International Classification of Diseases, (ICD) diagnosis codes 562.11 and 562.13 (diverticulitis with and without mention of hemorrhage) as the first diagnosis from 2002 to 2007 were selected. These patients were then divided into emergent and elective groups based on their admission type. In the next step, patients who underwent colon resection (open or laparoscopic) in each group (emergent or elective) were located. Urgent surgery was defined as the need for operative intervention of any emergent admission during the index hospital admission. Procedures were separated according to resection (sigmoidectomy or anterior resection) with primary anastomosis (with or without diverting ileostomy) and resection with colostomy only. Surgical procedures were identified using ICD-9 procedure codes ( Table 1) . Because there was no distinct ICD-9 procedure code for laparoscopic colectomy during these years, we identified procedures that were done laparoscopically by identifying additional ICD-9 procedure codes for diagnostic laparoscopy or laparoscopic lysis of adhesion in combination with open procedure codes ( Table 1 ). Patient characteristics of interest included age, sex, and race/ethnicity. Based on the incidence of diverticulitis, age was divided into 3 groups (Ͻ50, 50-70, and Ͼ70 years). Other data of interest included LOS and in-hospital mortality. We calculated the adult population-based rates of admission type and surgery for each year. We used adult (Ն18 years) population estimates from the US census. 25 All statistical analyses were conducted using SAS version 9.2 (SAS Institute, Cary, North Carolina), incorporating recommended discharge and hospital weights (discharge weight used to create national estimates for all analyses). Population characteristics were explored using graphs and charts to describe the distribution of each variable. Dates are expressed as means and standard deviations and proportions. (Difference in LOS between groups was determinedby2-samplettest.)Descriptivestatisticswereperformed using 2 , t tests, and trend tests where appropriate. Multivariate regression analysis was used for mortality in total diverticulitis admission. Statistical significance was set at PϽ.05 and odds ratios and 95% confidence intervals that excluded 1. tients) underwent urgent surgical resection and 87.8% were treated with nonoperative methods (percutaneous abscess drainage: 1.88% and medical treatment: 85.92%). 
RESULTS

A
TRENDS IN ADMISSION
Race/Ethnicity
The information on race/ethnicity was limited, containing only 71% to 75% of race data over the specified pe- riod since several states do not report race data on their discharge abstracts. Regardless, the race/ethnicity of the patient population admitted for diverticulitis changed very little during the period of this study. While a decrease of 3.6% in the white population was observed, an increase in the black and Hispanic population composing the treated patient population also occurred. However, this increase was relatively small ( Table 3) .
OPERATIVE VARIABLES
Use of Laparoscopy
For elective surgery, the overall rate of laparoscopic colon resection with and without primary anastomosis was 10.5%. The use of laparoscopy in elective surgery nearly doubled from 6.9% in 2002 to 13.5% in 2007 (PϽ.001).
In urgent surgery, the overall rate of laparoscopic colon resection was 2.8% of total urgent surgeries, with the use of laparoscopy increasing more than 2-fold from 1.6% in 2002 to 3.9% in 2007 (PϽ .001) (Figure 4 ).
Use of Primary Anastomosis
As expected, the likelihood of requiring a colostomy during an elective operation steadily decreased, from 7.9% in 2002 to 5.5% in 2007. This translated to a significant increase in primary anastomosis (with or without diversion) rates, ranging from 92.1% to 94.5% (P Ͻ.001) for elective colon resections over the study period. In urgent open surgery, the likelihood of colostomy formation significantly decreased over time, from 61.2% in 2002 to 54.0% in 2007 (PϽ.001). For urgent laparoscopic surgery, the likelihood of colostomy formation decreased from 20.9% to 9.0%. For patients who underwent urgent surgery with primary anastomosis during the study period, receiving a diverting ileostomy was rare, accounting for less than 1% (mean, 0.15%; range, 0.08%-0.26%) of the population ( Table 4) .
HOSPITAL VARIABLES
Length of Stay
Over the study period, we observed a significant decrease in LOS in both elective and urgent surgery ( dergoing elective surgery were discharged on average 6 days earlier than those undergoing urgent surgery. 
In-Hospital Mortality
MULTIVARIATE ANALYSIS
A multivariate regression analysis was also performed to identify any predictive variables leading to an increased risk of mortality associated with diverticulitis. Being Asian/Pacific Islander (odds ratio, 2.17; 95% confidence interval, 1.64-2.88) and having emergent admission status (odds ratio, 1.42; 95% confidence interval, 1.30-1.55) significantly increased the risk of in-hospital mortality, while being female (odds ratio, 0.88; 95% confidence interval, 0.82-0.94) seemed to be protective ( Table 5) .
COMMENT
We set out to perform a thorough review of the current data on diverticulitis to demonstrate the changes in trends of admission practices and surgical management. With an improved patient and surgeon awareness of disease pathology along with improving technology, physicians are more readily able to diagnose, treat, and hopefully prevent diverticular disease.
Interestingly, the frequency of elective surgical resection for diverticulitis has dramatically increased by 38%, which is nearly 9 times greater than the relative increase in urgent surgical resection. This may reflect the influence of the American Society of Colon and Rectal Surgeons guidelines from 2000, 26 suggesting elective colectomy after the first attack in patients younger than 50 years and after the second episode in patients older than 50 years. In 1 study, of those patients requiring hospitalization for acute diverticulitis, only 20% to 50% required an operation. 27 In our study, only 12.2% of the acute diverticulitis population required an operation, which may indicate that this percentage is actually decreasing. In addition, improvements in medical therapy (ie, timing of antibiotic administration, improved control of patient comorbidities, and increased use of percutaneous abscess drainage 9, 10 ) may have contributed to the observed decrease in the percentage of urgent resections performed.
It is well known that the presence of diverticulosis is age dependent. Only 5% to 10% of the population younger than 40 years has diverticula. 28 We found almost a third of patients admitted for diverticulitis were younger than 50 years. Although our study shows a high incidence of diverticulitis in young patients, there was only an approximately 1% increase in incidence during this period. In comparison, the incidence of diverticulitis in the 50 to 70 years age group increased 3 times more than that of the younger population. Other studies have demonstrated that diverticulitis is on the rise in the younger population 9, 10 ; however, we show that this incidence has remained relatively stable. Between 2002 and 2007, population growth was greatest in individuals aged 50 to 70 years (12.5% increase) with relatively no growth in individuals aged 18 to 50 years. 25 As a result, our findings may be due to the aging of the US population, leading to a relative decrease in the incidence of diverticulitis in the younger population.
Several studies have shown that laparoscopic colectomy for diverticular disease results in less blood loss, shorter time to first bowel movement, fewer postoperative complications, shorter LOS, and improved quality of life. 29, 30 In addition to these advantages, improved accessibility to laparoscopic equipment and better training have led to laparoscopic colectomy becoming more widely used in the treatment of diverticulitis. Our study is a testament to this demonstrating that the proportion of elective and urgent colectomies performed laparoscopically has nearly doubled from 2002 to 2007 but still remains relatively low.
A growing number of investigators report that primary anastomosis is a viable alternative to creation of a Hartmann pouch in diverticulitis, even in the presence of peritonitis. 31, 32 We found that the overall likelihood of colostomy formation for the study period was 57.2% in urgent open resections, which is similar to earlier reports (56%-57%). 9, 10 In contradiction to these studies, we found that the overall frequency of primary anastomosis performed after urgent resection increased by almost 7% for open cases. In addition, the rate of diverting ileostomy creation was very small in our study and remained stable over the study period. These findings may be an indication of increasing surgeon comfort and acceptance of this technique's safety profile, leading to a movement by surgeons toward a single-stage procedure, thereby eliminating the risks associated with ostomy creation. Although, to our knowledge, there has never been a randomized prospective trial of the Hartmann procedure and primary anastomosis creation for patients with similar-stage diverticulitis, a recent collective review of this topic demonstrates that reported morbidity and mortality results for both techniques are similar. 33 Over the study period, we showed that LOS gradually decreased in both elective and emergent patients undergoing operation. Although these changes are small, they remain significant. Such improvements may be due to improved diagnostic accuracy with the use of computed tomographic scanning, [34] [35] [36] the increase in the use of laparoscopic resection, and improvements in overall postoperative care. Furthermore, because the LOS for urgent surgery is nearly twice that of elective surgery, such a difference may motivate surgeons to operate earlier after a diagnosis is made before emergent conditions arise.
Overall, we observed a trend toward decreased mortality in the surgical treatment of diverticulitis but were most pleased with the significant relative reduction in mortality after urgent resection by 50%. Other studies have shown similar trends in mortality rates 37, 38 and such improvements may be due, at least in part, to earlier intervention in patients needing operation.
Multivariate analysis has identified Asian race and emergent admission status as predictors of increased mortality. From our data, increased caution should be used and potentiallyearliertreatmentprovidedwhenencounteringAsian patients with diverticulitis because of their increased risk of mortality. Interestingly, although statistically significant, age does not appear to be a clinically significant predictor of mortality. As a result, timing of surgery with regard to age alone may not be as important as previously thought.
Our study limitations are similar to other studies making use of a large administrative database. A dedicated laparoscopic colectomy ICD-9 code was not in effect until 2009, which may have led to inaccuracies in case collection. Because a majority of patients with acute diverticulitis are treated medically as outpatients and the NIS database is limited only to inpatient hospital admissions, our study lacks information on the true incidence of acute diverticulitis and any postdischarge complications. Lastly, we lack information regarding the exact indication for surgery and the severity (Hinchey classification) of diverticulitis, and clearly, differences in these may have affected the surgical approach and contributed to patient outcomes.
Diverticulitis continues to be a source of significant morbidityintheUnitedStates.Insummary,ouranalysishasfound thatbetween2002and2007,admissionfordiverticulitiscontinued to increase. Younger individuals composed nearly a third of all admissions; however, there was no noticeable change in the pattern or frequency of admission for any age group. With regard to treatment patterns, the number of patients undergoing elective colon resections have increased significantly. Rates of primary anastomosis for urgent surgery have increased during the period, but not as much as expected. These findings are interesting given the growing body of evidence demonstrating the safety of primary anastomosis. Use of laparoscopy in diverticulitis continues to increase because surgeons are becoming more familiar with this technique and previous data have proven its feasibility and safety. All of these changes have culminated in decreased observed mortality in patients presenting with diverticular disease. Such findings will hopefully help physicians gain a better understanding of the disease process and guide them in its prevention and treatment. Financial Disclosure: Dr Stamos has received honorarium and been a speaker/instructor for Ethicon Endosurgery (mini-fellowships) and Covidien (minifellowships) and received honorarium and been an instructor for Olympus (mini-fellowships). Additional Information: The manuscript was seen and approved by all authors and all material is previously unpublished.
INVITED CRITIQUE
Clarity, Confusion, or Conundrum I t is not a surprise that Masoomi and colleagues documented that patients hospitalized for diverticulitis between 2002 and 2007 continue to experience significant morbidity. What may be surprising to many is that their analysis of more than a million patients in the NIS database revealed an unexplained dramatic increase of 38% in elective colectomy and a 4.3% increase in urgent colectomy. This occurred despite a growing consensus that indication(s) for surgery should be more restricted than in the past. Additionally, it is surprising that they could only discern "a trend toward increased use of laparoscopic techniques for elective operations and primary anastomosis for urgent operations." This conclusion flies in the face of anecdotes that "nearly everyone" is successfully using laparoscopic resection and primary anastomosis for diverticulitis. The facts, as reported in this retrospective trends analysis, are that laparoscopic colectomy increased to only 13.5% for elective cases and a mere 3.9% for urgent surgery by 2007. Primary anastomosis with or without diversion increased from 38.8% in 2002 to 46% in 2007 following urgent surgery. Etzioni et al, 1 in a similar study of trends from 1998 to 2005, reported "little change over time in the likelihood of a primary anastomosis" after resection for diverticulitis.
Thus, when it comes to surgery for diverticulitis, American surgeons seem to be operating electively on more patients than ever and yet we are slow to adopt techniques that may lower morbidity and possibly cost less. This article cannot explain these trends. Masoomi and colleagues found no trends relevant to today's "hot debate" in the management of diverticulitis, ie, laparoscopic lavage without resection. Myers and Winter 2 suggest that current best practice calls for computed tomographic imaging to stratify patients with clinical evidence of peritonitis and that patients with free perforation should undergo laparoscopy. If purulent peritonitis from a sealed perforation is found, they recommend laparoscopic lavage without resection.
As is often the case, the current study raises more questions than it answers. One thing is for certain; clinical expertise and skills cannot be separated from decision making. If surgeons are uncertain of their technical ability to do a laparoscopic colectomy for diverticulitis, they are unlikely to adopt it as their preferred procedure. Surgeons need to have a full arsenal of techniques at their disposal to make decisions in the best interest of their patients. 
